Materials and Method
retinal-ppR with a His-Tag (6xHis) at the C -terminal w as expressed in Escherichia coli BL21(DE3) strain in M9 medium by induction with 1 mM isopropyl-1-thio-β-D-galactoside (IPTG) and 10 µM [15-13 C, 20-13 C] retinal. This protein was solubilized by using n-dodecyl-β-D-maltoside (DDM) and purified with a Ni-NTA column (QIAGEN, Hilden, Germany) as described previously ( S1) . The truncated transducer, pHtrII , was prepared by using the above method. Purified proteins in DDM micelles were incorporated into a lipid film of egg PC (ppR:eggPC molar ratio of 1:30), followed by gently stirring at 4 ºC for overnight. DDM was removed using Bio-Beads (Bio-RAD, Hercules, CA) to yield egg PC bilayers. We have significantly improved an in situ photo-irradiation system for solid-state NMR measurements under MAS. In situ continuous photo-irradiation was made by an optical fiber from outside the magnet through a tightly sealed piece of cap made of glass rod glued to a zirconia rotor ( Fig. S1 ). Photo-irradiation was performed from the top of the spinner without touching the optical-fiber to the cap of the spinner. In this system, fast MAS experiment is possible under photo-illumination, leading to a high resolution solid-state NMR signal. Thus the MAS frequency was set to 4 kHz. Tip of the glass was ground to irradiate the light to random directions including the perpendicular direction to the glass rod. This is important for light to penetrate into the sample whose absorbance is quite large. Using CMX-400 infinity NMR spectrometer equipped with this photo-irradiation system, we could successfully irradiate green laser light (532 nm) of 5 mW to the sample in the rotor.
In the in situ solid state NMR measurements, 100 µL (50 mg) of ppR-Egg PC and ppR/pHtrII-Egg PC samples were put into the zirconia rotor and sealed with the glass rod as a cap. CP pulse sequence was used with the 1 ms of contact time followed by the acquisition with 50 kHz of TPPM proton decoupling pulses (S3) . MAS frequency was set to 4 kHz and the temperature was set to 0 and -20 ºC by using gas flow system. Typically, 20000 transients were accumulated for the dark and light experiments.
Photo irradiated NMR experiments have been reported by several groups. Most of the experiments have been done the photo illumination outside of the probe and freeze the sample to measure the trapped photo activated state in the probe (S4,S5) . In situ photo illuminated solid state NMR system has been reported by illuminating the light by leading the light through photo fiber to the probe and illuminate the light from outside the rotor tube (S6,S7). On the other hand, in this present system, light illumination has been done from the inside the rotor tube though glass rod inserted into the rotor. This illumination system has been developed in the first time and allows us to illuminate the light to the sample with extremely high efficiency. The light is penetrated from the top part of the spinner through an aligned optical fiber into the zirconia sample tube without any contact with the optical fiber, so that the rapid spinning was successfully established. Figure S2 . 13 C DD-MAS NMR spectra of [15-13 C, 20-13 
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